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Abstract
Background: A study was conducted to determine the reliability and validity of a new foot
mobility assessment method that utilizes digital images to measure the change in dorsal arch height
measured at 50% of the length of the foot during the Sit-to-Stand test.
Methods: Two hundred – seventy five healthy participants participated in the study. The medial
aspect of each foot was photographed with a digital camera while each participant stood with 50%
body weight on each foot as well as in sitting for a non-weight bearing image. The dorsal arch height
was measured at 50% of the total length of the foot on both weight bearing and non-weight bearing
images to determine the change in dorsal arch height. The reliability and validity of the
measurements were then determined.
Results: The mean difference in dorsal arch height between non-weight bearing and weight bearing
was 10 millimeters. The change in arch height during the Sit-to-Stand test was shown to have good
to high levels of intra- and inter-reliability as well as validity using x-rays as the criterion measure.
Conclusion: While the navicular drop test has been widely used as a clinical method to assess foot
mobility, poor levels of inter-rater reliability have been reported. The results of the current study
suggest that the change in dorsal arch height during the Sit-to-Stand test offers the clinician a
reliable and valid alternative to the navicular drop test.
Background
The navicular drop test (NDT) has been widely used as a
clinical method to assess foot mobility. The NDT has also
been associated with lower limb musculoskeletal injuries
[1-3]. Brody was one of the first to describe the NDT and
he noted that it was helpful in evaluating the amount of
foot mobility, specifically pronation, in runners [4].
Brody stated that the NDT was performed with the patient
standing on a firm surface with the navicular bone marked
bilaterally. The patient's subtalar joint was first placed in
neutral position using palpation and the height of the
navicular bone from the floor was marked on an index
card placed on the medial aspect of the foot. The patient
was then asked to relax their feet and the resulting lower
position of the navicular bone was also marked on the
card. To determine the degree of navicular drop, Brody
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stated that the height of the navicular bone in subtalar
joint neutral position is subtracted from the height of the
navicular bone in relaxed standing posture. Brody further
noted that a normal amount of navicular drop was
approximately 10 mm and that a drop or change in navic-
ular height of 15 mm or more was abnormal. While Brody
indicated that the NDT was an office procedure that he
used to assess the amount of foot pronation, he failed to
provide any normative data to explain the navicular drop
values he provided in his paper [4]. In addition, he did
not indicate whether the NDT demonstrated high levels of
intra-rater and inter-rater reliability.
Since Brody's initial description of the NDT, several
authors have attempted to determine the reliability of the
measurement as well as establish normative values in a
healthy population. Studies have reported NDT values
ranging from 6 to 9 mm with standard deviations of
between 3.4 and 4.2 mm. The mean NDT value for these
studies was 7.3 ± 3.8 mm [5-8].
Intra-rater reliability of the NDT, assessed using the intra-
class correlation coefficient (ICC) has been reported to be
between 0.61 and 0.79 [6-8]. A possible issue with these
previous studies was that all examiners were inexperi-
enced in performing the NDT. To investigate whether
examiner experience influenced intra-rater reliability of
the NDT, Evans et al assessed the reliability of the NDT in
30 adults using four different podiatric physicians who
had previous experience performing the NDT [9]. The
mean navicular drop was 7.2 mm with the range from 0
to 20 mm. Using intraclass correlation coefficients, the
intra-rater reliability for the four raters ranged from 0.51
to 0.77 with the inter-rater reliability 0.46. In a more
recent study, Shultz et al attempted to determine whether
multiple raters with varying years of clinical experience
could be trained to perform the NDT with acceptable reli-
ability and precision [10]. Four raters had from one to six
years of clinical experience and were trained by a single
instructor with two years experience performing the NDT.
Based on intraclass correlation coefficients, the intra-rater
reliability ranged from 0.91 to 0.97 for the four raters.
Studies investigating inter-rater reliability have reported
ICC values ranging from 0.46 and 0.83 [7-10]. One possi-
ble factor contributing to the moderate to poor levels of
inter-rater reliability for the NDT could be the difficulty in
consistently placing the subtalar joint in its neutral posi-
tion using palpation [11-14].
While the results of previous investigations indicate that
the NDT has high levels of intra-rater reliability, poor lev-
els of inter-rater reliability and the lack of normative data
from a large cohort of health individuals prevents its use
in situations where numerous clinicians at different clini-
cal sites are required make the measurements (e.g., multi-
center outcome studies, multi-practitioner practices). The
most prominent issues related to lower levels of inter-rater
reliability would appear to be the identification of the
navicular tuberosity bony landmark as well as the consist-
ency of placing the subtalar joint in neutral position using
palpation. In light of these issues, new methods that are
developed to assess the mobility of the foot should not
require the clinician to identify specific anatomical bony
landmarks or to place the foot in precise positions.
Hoppenfeld has described what he termed a "test for rigid
or supple feet" in which the clinician observed the
patient's feet first in sitting and then in standing [15].
Hoppenfeld noted that if the medial longitudinal arch
was absent in both sitting and standing, the patient had
rigid feet. He further noted that if the medial longitudinal
arch is present in sitting but absent when standing, the
patient had supple feet [15]. While the "Sit-to-Stand" test
was described by Hoppenfeld as an observational exami-
nation only, possibly the change in medial longitudinal
arch posture, as measured using the change in dorsal arch
height, could be quantified during the "Sit-to-Stand" test.
The advantage of quantifying the "Sit-to-Stand" test is that
the need to place the foot in subtalar joint neutral posi-
tion or to identify the navicular tuberosity, which is nec-
essary to perform the NDT, is not required. If acceptable
levels of reliability and validity of the "Sit-to-Stand" test
can be demonstrated, an alternative method for assessing
foot mobility would be available for clinicians and
researchers. Thus, the purpose of this study was to deter-
mine the reliability and validity of a new foot mobility
assessment method that utilizes digital images to measure
the change in dorsal arch height measured at 50% of the
length of the foot during the Sit-to-Stand test.
Methods
Participant Characteristics
The right and left feet of 275 participants (155 women
and 120 men) were assessed to establish a mean and
standard deviation for a reference population of conven-
ience. Participants were recruited from the Northern Ari-
zona University population and the surrounding
Flagstaff, Arizona community. All participants met the fol-
lowing inclusion criteria: 1) no history of congenital
deformity in the lower extremity or foot; 2) no previous
history of lower extremity or foot fractures; 3) no systemic
diseases that could effect lower extremity or foot posture;
and 4) no history of trauma or pain to either foot, lower
extremity, or lumbosacral region at least 12 months prior
to the start of the investigation. The mean age of the 275
participants was 26.3 ± 11.8 years with a range of 16 to 70
years. The mean age for the female and male participants
was 23.9 ± 10.2 and 29.6 ± 13.1 years, respectively. The
Institutional Review Board of Northern Arizona Univer-Journal of Foot and Ankle Research 2008, 1:3 http://www.jfootankleres.com/content/1/1/3
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sity (IRB # 04.0017) approved the protocol for data collec-
tion and all participants provided informed written
consent prior to participation. Although no standardized
"warm-up" protocol was used for the participants prior to
data collection, each participant had been weight bearing
and ambulating for at least 2 hours while conducting their
normal activities of daily living.
Procedures
Digital images were recorded for both feet while the par-
ticipant stood placing 50% of their body weight on the
foot being assessed as well as in non-weight bearing. A
wood platform was constructed with a handrail for the
participant to use to maintain balance as well as to ensure
that the weight scale with digital read-out was level with
the standing surface (Figure 1). For the 50% weight-bear-
ing image of the left foot, the participant was asked to first
place their left foot in the middle of a calibrated weight
scale along a yellow line that divided the scale into equal
halves (Figure 2). The participant was then instructed to
place their right foot on a white line that was 15 cm away
from the yellow line with the tip of the right big toe posi-
tioned at the end of the left heel. This ensured a clear dig-
ital image of the medial aspect of the left foot. Once
positioned, the participant was asked to practice loading
their left foot with 50% of their body weight while main-
taining a relaxed foot posture. The participant was
instructed to use the handrail for balance, relax their feet
and to ensure equal loading on each extremity. Once the
participant could place 50% of their body weight on their
left foot while equally loading both extremities, relaxing
the foot and maintaining their balance, the participant
was instructed to position their left lower leg so that it was
perpendicular to the supporting surface and a digital
image of the medial aspect of the left foot was obtained
(Figure 3). The tendons of the anterior compartment of
the lower leg were palpated to verify that they were
relaxed. Once the weight-bearing image for the left foot
was obtained, the procedure was repeated for the right
foot.
For the non-weight bearing image, the participant was
asked to sit on a bar stool and place their left foot over the
surface of the weight scale (Figure 4 and 5). To ensure con-
sistency among participants as well as the position of the
foot to the digital camera, the tips of the toes of the foot
being photographed were positioned so that they were
between 10 and 13 cm above the surface of the weight
scale. Once the placement of the left foot above the weight
scale was acceptable, the medial aspect of the left foot was
visually aligned with the same white line used for the
weight bearing foot image. When the left foot was prop-
erly positioned, the participant was instructed to relax
their foot and a digital image of the medial aspect of the
left foot in non-weight bearing was recorded (Figure 6).
Again, the tendons of the anterior compartment of the
lower leg were palpated to verify that they were relaxed.
Once the non-weight bearing image for the left foot was
obtained, the procedure was repeated for the right foot.
A digital camera (Model #DMC-LC20, Panasonic Corp.,
Secaucus, NJ 07094) was used to record all foot images.
The camera was attached to a metal bar that was posi-
tioned 61 cm from the yellow line in the middle of the
scale to ensure that the same focal length was used for all
of the digital images (see Figure 1). Two objects of known
distance were always included in the field of view of the
digital camera to permit calibration of all measurements
(see Figures 3 and 6).
All digital images obtained for both feet of each partici-
pant were downloaded onto a computer using Adobe
Photoshop software (Adobe Photoshop version 7.0,
Adobe Systems Inc., San Jose, CA 95110) and then printed
using a color LaserJet printer (Model # 4600, Hewlett-
Packard, Palo Alto, CA 94304). Each of the four images
per participant was enhanced with Adobe Photoshop
Platform with weight scale used for digital image capture Figure 1
Platform with weight scale used for digital image 
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using the "Auto Color" feature. No other enhancements
or modifications were done to any of the digital images.
From the digital image, total foot length was measured
using a ruler and was defined as the distance from the
most posterior aspect of the heel to the tip of the hallux.
For both the weight bearing and non-weight bearing
image for each foot, the total foot length was first deter-
mined by measuring the distance from the most posterior
aspect of the heel to the tip of the hallux. The total foot
length was then divided in half to determine 50% of the
total foot length. The dorsal arch height in weight bearing
(ArchHtWB) was determined by measuring the vertical
height from the supporting surface to the dorsum of the
foot at 50% of the total foot length. To determine the dor-
sal arch height in non-weight bearing (ArchHtNWB), a
reference line was first drawn from the most inferior point
of the heel pad to the most inferior point of the first met-
atarsal head. From the reference line, a second line per-
pendicular to the reference line was drawn at 50% of the
total foot length. The ArchHtNWB was then determined
by measuring the distance from reference line to the dor-
sum of the foot along the perpendicular line. Each meas-
urement was manually performed three times and the
average was recorded. The ArchHtNWB measurement was
subtracted from the ArchHtWB measurement to deter-
mine the change in arch height from Sit-to-Stand (ArchHt-
DIFF).
Determination of Reliability and Validity
To establish intra-rater and inter-rater reliability for the
measurements, two physical therapy students with no
experience managing foot and ankle problems and one
physical therapist with 12 years of experience managing
foot and ankle problems were asked to assess the left and
right foot images of 12 randomly selected participants (48
images). The 12 participants included 6 males and 6
females with a mean age of 23.9 ± 1.0 years. Each rater was
given a set of written instructions on how to perform the
measurements, but was not given any verbal instructions
to permit the assessment of reliability to be more clini-
cally applicable. Each rater was required to perform total
foot length and dorsal arch height measurements for all
48 images twice with at least a one-week interval between
the measurements. Each rater was blinded from any infor-
mation that could be used to identify the participants they
were assessing.
To establish validity, lateral radiographs were taken of the
right foot of the same 12 participants used for the reliabil-
ity assessment. Using the same foot placement protocol
previously described, the participant stood on the same
weight scale with the lateral border of their right foot
against the radiographic cassette and placed 10%, 50%,
and 90% of their body weight on the right foot. While
Williams and McClay have previously reported the valid-
ity for the weight bearing dorsal arch height measure-
ment, they only assessed radiographic images obtained
while their participant's stood with 10% and 90% of body
weight placed on foot [16]. Thus, it was decided to obtain
Example of the 50% weight bearing digital image with known  linear distances Figure 3
Example of the 50% weight bearing digital image 
with known linear distances.
Placement of the participant's left foot for the weight bearing  image capture Figure 2
Placement of the participant's left foot for the weight 
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radiographs on each foot assessed with 10%, 50%, and
90% body weight to justify the use of 50% body weight
for this Sit-to-Stand technique. To permit comparison
with the radiographs, a digital image of the medial aspect
of the right foot of the 12 participants was obtained while
they stood with 10%, 50%, and 90% of their body weight
on the right foot. Once the three weight-bearing radio-
graphs were completed, a non-weight bearing radiograph
was obtained using the same foot placement protocol pre-
viously described. A wooden block was used to ensure
proper placement of the radiographic cassette for the non-
weight bearing x-ray. For all four radiographs, the x-ray
unit was positioned vertical to the supporting surface and
the center of the x-ray beam was placed just superior to the
lateral malleolus. The distance from the x-ray tube to the
foot was 101.6 cm and the exposure setting used was 150
mA at 54 kV. The same protocol for obtaining the four lat-
eral radiographs was used for all 12 participants. To pre-
vent possible magnification and parallax errors when
obtaining the total foot length and dorsal arch height
measurements from the lateral radiographs, two metal
pieces of known length were placed on the top and at both
ends of the x-ray film to serve as linear calibration refer-
ences during data analysis. A fourth rater was used to
obtain the total foot length and dorsal arch height meas-
Placement of participant's left foot for non-weight bearing  image capture Figure 4
Placement of participant's left foot for non-weight 
bearing image capture.
Participant positioned on bar stool for the non-weight bear- ing image capture Figure 5
Participant positioned on bar stool for the non-
weight bearing image capture.
Example of the non-weight bearing digital image with known  linear distances Figure 6
Example of the non-weight bearing digital image 
with known linear distances.Journal of Foot and Ankle Research 2008, 1:3 http://www.jfootankleres.com/content/1/1/3
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urement three times for each radiograph, using the same
written instructions provided to the reliability raters. This
additional rater was a physical therapist with over 20 years
experience managing foot and ankle problems and was
used to analyze the radiographs to prevent possible meas-
urement bias. Validity was established using the average
of the three values for each radiographic measurement
compared with the mean measurement values obtained
from the digital images on the same 12 participants.
Statistical Analysis
Type (2,1) intraclass correlation coefficients (ICC) were
calculated to determine the consistency of each rater to
repeatedly perform the measurements both individually
(intra-rater) and in comparison to the other raters (inter-
rater) [17]. In addition to ICC values, the standard error of
measurement (SEM)[18] and 95% limits of agreement
(95LA) statistics were also calculated as another index of
the reliability of the measurement [19]. The SEM is a
number in the same units as that of the original measure-
ments and represents the way a single score will vary if the
foot length and dorsal arch heights were measured more
than once [18]. The 95LA statistic provides an indication
of the variability of the difference between any two meas-
urements of foot length, arch height or change in arch
height. The level of reliability for the ICC was classified
using the characterizations reported by Landis and Koch
[20]. These characterizations were: slight, if the correlation
ranged from 0.00 to 0.21; fair, if the correlation ranged
from 0.21 to 0.40; moderate, if the correlation ranged from
0.41 to 0.60; substantial, is the correlation ranged from
0.61 to 0.80; and almost perfect, if the correlation ranged
from 0.81 to 1.00.
T tests were used to determine whether differences existed
between the left and right feet for the foot length and dor-
sal height measurements. To assess the validity of the dor-
sal arch height measurements, Pearson product moment
correlation coefficients were calculated to compare values
from the digital images and those from the radiographs.
An alpha level of .05 was established for all tests of statis-
tical significance.
Results
Average values for the dorsal arch height for both 50%
weight bearing and non-weight bearing as well as the dif-
ference between the two measurements are shown in
Table 1. The decrease in the arch height for all participants
from non-weight bearing to 50% weight bearing was 1.00
cm. This change represented 13.4% of the arch height in
non-weight bearing. This percentage of change was found
to be 12.9% and 13.5% for males and females respec-
tively. The intra-rater and inter-rater reliability values for
all three raters are shown in Tables 2, 3, 4, and 5. Intra-
rater reliability ICC values for total foot length, dorsal
arch height and change in arch height for all raters ranged
from 0.73 to 0.99 with SEM values ranging from 0.06 to
0.19 centimeters. The mean inter-rater measurement bias
was -0.09 ± 0.21 cm. Inter-rater reliability ICC values for
the same measurements ranged from 0.73 to 0.98 with
SEM values ranging from 0.07 to 0.16 centimeters. The
mean intra-rater measurement bias was 0.03 ± 0.23 cm.
The results of the t tests indicated that there were no sig-
nificant differences (p > .05) between the left and right
feet for any of the foot measurements assessed. The results
of the Pearson correlations between the digital image
measurements and the radiographic measurement
showed that the radiographic measurements were all pos-
itively correlated with the digital image measurements.
These correlation values were 0.91 at 10% WB, 0.93 at
50% WB, 0.89 at 90% WB, 0.92 for non-weight bearing,
and 0.12 for the difference between NWB and 50% WB.
The results of the 95LA statistical analysis between the dig-
ital and radiographic measurements are contained in
Table 6. This analysis showed that the radiographic meas-
urements were between 0.47 and 1.43 cm less than that of
the digital image measurements. Although there was a
consistent bias for the radiographic measurements to be
Table 1: Descriptive statistics for foot length, arch height 50% WB, arch height non-WB, and ArchHtDIFF
Foot Length Arch Height 50% WB Arch Height Non-WB Arch Height DIFF
Mean SD Mean SD Mean SD Mean SD
All 
Participants
 (n = 550)
24.87 2.05 6.49 0.61 7.49 0.64 1.00 0.36
Females
 (n = 310)
23.73 1.47 6.20 0.49 7.17 0.52 0.97 0.36
Males
 (n = 220)
26.36 1.71 6.90 0.50 7.91 0.53 1.02 0.34
Note: Mean and SD values in centimeters, SD = Standard Deviation, WB = Weight BearingJournal of Foot and Ankle Research 2008, 1:3 http://www.jfootankleres.com/content/1/1/3
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less than the digital image, the standard deviation of these
differences was relatively small.
Discussion
The purpose of this study was to determine the reliability
and validity of a new foot mobility assessment method,
the ArchHtDIFF, which utilizes digital images obtained
during the Sit-to-Stand test. While the NDT has been
widely used as a clinical method to assess foot mobility,
previous studies have shown that the NDT has poor levels
of inter-rater reliability. This prevents the NDT from being
used as a measurement tool in multi-center outcome stud-
ies where numerous clinicians at different clinical sites are
required to collect data. The key issues that can lead to
lower levels of inter-rater reliability with the NDT are the
identification of the navicular tuberosity bony landmark
as well as the consistency of placing the subtalar joint in
neutral position using palpation.
Since the use of digital images to quantify the change in
dorsal arch height during the Sit-to-Stand test does not
require the identification of bony landmarks or the palpa-
tion of a specific foot posture, the authors hoped this
would lead to higher levels of measurement reliability
among multiple raters. Franettovich et al have shown that
the reliability of dorsal arch height measures have higher
levels of reliability with the participant standing with 50%
of their body weight on each foot compared with the 10%
and 90% weight bearing condition [21]. While Williams
and McClay established validity for the 10% and 90%
weight bearing conditions, the validation of the 50%
body weight has not been established [16]. Thus, it was
also important for the authors of the current study to
Table 2: Intra-rater and inter-rater mean and standard error of the measurement (SEM).
Intra-rater Inter-rater
Rater 1 Rater 2 Rater 3
Mean SEM Mean SEM Mean SEM Mean SEM
Weight Bearing 
Arch Height
5.98 0.10 5.98 0.06 5.99 0.06 5.99 0.07
Weight Bearing
 Foot Length
24.52 0.15 24.64 0.17 24.73 0.16 24.67 0.15
Non-Weight
Bearing Arch
  Height
7.12 0.08 7.30 0.10 7.39 0.11 7.28 0.11
Non-Weight
Bearing Foot
  Length
24.57 0.016 24.69 0.16 24.64 0.19 24.63 0.16
AH Difference 1.18 0.09 1.31 0.11 1.40 0.14 1.30 0.10
Note: Mean values in centimeters
Table 3: Intra-rater and inter-rater reliability coefficients (ICC).
Intra-rater Inter-rater
Rater 1 Rater 2 Rater 3
ICC 95% CI ICC 95% CI ICC 95% CI ICC 95% CI
Weight Bearing
 Arch Height
0.82 0.42 – 0.95 0.92 0.73 – 0.98 0.96 0.85 – 0.99 0.95 0.86 – 0.99
Weight Bearing 
Foot Length
0.76 0.28 – 0.93 0.97 0.88 – 0.99 0.99 0.98 – 0.99 0.95 0.86 – 0.99
Non-Weight 
Bearing Arch
  Height
0.84 0.48 – 0.96 0.73 0.22 – 0.92 0.78 0.33 – 0.94 0.73 0.42 – 0.92
Non-Weight
Bearing Foot
  Length
0.98 0.94 – 0.99 0.99 0.94 – 0.99 0.99 0.94 – 0.99 0.98 0.95 – 0.99
AH Difference 0.92 0.78 – 0.98 0.88 0.71 – 0.97 0.93 0.81 – 0.98 0.92 0.78 – 0.98
Note: 95% CI = 95% Confidence IntervalJournal of Foot and Ankle Research 2008, 1:3 http://www.jfootankleres.com/content/1/1/3
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establish the validity for using the 50% weight bearing
condition.
For foot length in 50% weight bearing, the intra-rater reli-
ability ranged from 0.76 to 0.99 for all three raters and the
inter-rater reliability was 0.95. For dorsal arch height in
50% weight bearing, the intra-rater reliability for ranged
from 0.82 to 0.96 for the three raters with the inter-rater
reliability being 0.95. For non-weight bearing foot length,
the intra-rater reliability ranged from 0.98 to 0.99 for the
three raters and the intra-rater reliability was 0.98. For
non-weight bearing dorsal arch height, the intra-rater reli-
ability ranged from 0.73 to 0.84 for the three raters and
the intra-rater reliability 0.73. Using the ICC classification
scheme described by Landis and Koch, the ICC values for
both intra-rater and inter-rater would be classified as sub-
stantial to almost perfect [20]. The intra-rater and inter-
rater SEM values were all less that 5% of the mean meas-
urement value. In addition, the 95LA analysis showed that
both the differences between two measurements of a sin-
gle rater or between two raters were relatively small. In
light of the results of the ICC, 95LA, and in particular the
SEM analyses, the authors believed that the measurements
were consistent (Tables 4 and 5). Rater one frequently had
lower reliability compared to the other two raters, but this
finding was not consistent for all variables measured and
the 95LA for rater one is generally comparable to that of
the other two raters. As such, there does not appear to be
a clear effect of rater experience upon the reliability of tak-
ing these measurements.
While Williams and McClay did not assess non-weight
bearing dorsal arch height, they reported inter-rater relia-
bility ICC values of 0.79 for 10% weight bearing and 0.77
for 90% weight bearing [16]. In the current study using
digital images, the inter-rater ICC value was 0.95 for Arch-
HtWB and 0.73 for ArchHtNWB. Based on the ICC, SEM
and 95LA values obtained, the authors believe that the
intra-rater and inter-rater consistency to assess the change
in dorsal arch height during Sit-to-Stand was acceptable. It
should be noted, however, that participants were not
measured on two or more occasions by each rater. As
Table 4: Intra-rater bias, standard deviation and 95% limits of agreement.
RATER 1 RATER 2 RATER 3
BIAS SD 95% LA BIAS SD 95% LA BIAS SD 95% LA
Weight Bearing
 Arch Height
-0.09 0.24 -0.57 – 0.39 0.02 0.17 -0.31 – 0.35 -0.08 0.13 -0.33 – 0.18
Weight Bearing
 Foot Length
0.03 0.76 -1.46 – 1.52 -0.01 0.25 -0.51 – 0.48 -0.00 0.08 -0.16 – 0.16
Non-Weight
 Bearing Arch
 Height
0.07 0.20 -0.32 – 0.46 0.03 0.30 -0.56 – 0.62 0.21 0.33 -0.44 – 0.86
Non-Weight
Bearing Foot
  Length
-0.03 0.19 -0.40 – 0.34 -0.05 0.20 -0.43 – 0.33 0.11 0.20 -0.29 – 0.51
AH Difference 0.16 0.28 -0.38 – 0.70 0.01 0.37 -0.71 – 0.73 0.29 0.40 -0.49 – 1.07
Note: Values are in centimeters, SD = Standard Deviation, 95% LA = 95% Limits of Agreement
Table 5: Inter-rater bias, standard deviation and 95% limits of agreement.
Rater 1 vs Rater 2 Rater 1 vs Rater 3 Rater 2 vs Rater 3
BIAS SD 95% LA BIAS SD 95% LA BIAS SD 95% LA
Weight Bearing
 Arch Height
0.00 0.11 -0.21 – 0.21 -0.01 0.16 -0.32 – 0.30 -0.01 0.14 -0.19 – 0.26
Weight Bearing
 Foot Length
-0.12 0.41 -0.92 – 0.68 -0.21 0.37 -0.93 – 0.51 -0.09 0.11 -0.31–0.13
Non-Weight
Bearing Arch
  Height
-0.18 0.29 -0.76 – 0.40 -0.27 0.33 -0.92 – 0.38 -0.09 0.24 -0.56 – 0.38
Non-Weight 
Bearing Foot
 Length
-0.12 0.17 -0.45 – 0.21 -0.07 0.26 -0.58 – 0.44 0.05 0.16 -0.26 – 0.36
AH Difference -0.14 0.29 -0.70 – 0.43 -0.23 0.28 -0.77 – 0.31 -0.09 0.25 -0.59 – 0.41
Note: Values are in centimeters, SD = Standard Deviation, 95% LA = 95% Limits of AgreementJournal of Foot and Ankle Research 2008, 1:3 http://www.jfootankleres.com/content/1/1/3
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such, the effect of participant positioning between meas-
urements was not assessed. Although this could have
caused intra-rater reliability to be higher than what might
occur in a clinical setting, the authors feel that its effect
was minimal since inter-rater reliability was found to be
very high and in those situations, participants did change
positions for each rater.
The same variables from both the digital images as well as
lateral radiographs were used to assess the validity of the
dorsal arch height change during the Sit-to-Stand test. The
lowest correlation for arch height was noted between the
digital image and the radiograph for 90% weight bearing
(r = 0.89). The correlation for arch height between the dig-
ital image and the radiograph for both 10% and 50%
weight bearing was 0.91 and 0.93, respectively. The corre-
lation between the digital image and the radiograph for
non-weight bearing dorsal arch height was 0.92. Since the
correlations for digital images obtained during 10% and
50% weight bearing explained over 85% of the arch
height measured from the radiograph, the authors
believed that a high level of validity existed for the meas-
urement of the dorsal arch height in 50% weight bearing.
This is further supported by the 95LA analysis, which
showed that 95% of the differences between the measure-
ments were less than 1.02 cm. The correlation between the
differences in arch height as measured by the two meth-
ods was low (r = 0.12), but the standard deviation of the
bias between the two measurements was still relatively
low (0.36 cm). As such, 95% of the differences were
within 1.41 cm. Although the measurements from the dig-
ital image and the radiograph are considered to be relia-
ble, they are not identical as shown by the bias between
the two measurements. The radiographic measurement
was between 0.65 and 1.43 cm less than that measured
from the digital image. This discrepancy is most likely due
to the effect of soft tissue in the digital image measure-
ment. Clinicians and other using either method should be
aware of this systematic difference between them. It
should also be noted that only a single experienced clini-
cian was used to obtain the measurements from the radi-
ographs. As such, additional research should be
conducted to better determine how well the results of this
study could be generalized.
The mean difference between non-weight bearing and
50% body weight arch height for the 275 right feet was
1.01 ± 0.37 cm. The mean difference between non-weight
bearing and 50% body weight arch height for the 275 left
feet was 0.97 ± 0.34 cm. The values for both the right and
left feet were found to be normally distributed (p < .01)
based on the D'Agostino and Pearson Omnibus test [22].
Since the results of the t-test indicated no significant dif-
ference between the left and right feet for the change in
arch height between non-weight bearing and 50% body
weight, the left and right foot data were pooled for further
analysis.
The mean difference between non-weight bearing and
50% body weight arch height for all 550 feet was 1.00 ±
0.36 cm. Again, these values were found to be normally
distributed (p < .01). For the purpose of using the differ-
ence between non-weight bearing and 50% body weight
arch height for classifying foot mobility, we suggest using
a classification scheme previously described by McPoil
and Cornwall based on mean and standard deviation val-
ues from the pooled data of 550 feet [23]. A foot would be
classified as having normal foot mobility if the difference
between non-weight bearing and 50% body weight arch
height was within ± 1 standard deviation of the mean. A
foot would be classified as having increased mobility if the
difference between non-weight bearing and 50% body
weight arch height was greater than 1 standard deviation
from the mean. To be classified as having decreased mobil-
ity, the difference between non-weight bearing and 50%
body weight arch height would be less than one standard
deviation from the mean. Based on this classification
scheme, a foot would be classified as having increased
mobility if the difference between non-weight bearing and
50% body weight arch height was greater than 1.35 cm. If
the difference between non-weight bearing and 50% body
weight arch height were less than 0.64 cm, the foot would
be classified as having decreased mobility. Using these clas-
sification criteria on the combined participant pool of 550
feet, 396 would be classified as having normal foot mobil-
ity, 83 would have increased foot mobility, and 71 would
have decreased foot mobility.
Table 6: Bias and 95% limits of agreement between the radiographic and digital image measurements.
Bias (cm) SD (cm) 95% Limits Of Agreement
10% WB -0.65 0.21 -1.06 to -0.25 cm
50% WB -0.97 0.19 -1.34 to -0.59 cm
90% WB -0.88 0.22 -1.32 to -0.44 cm
Non-WB -1.43 0.26 -1.94 to -0.93 cm
AH Difference From
 Non-WB To 50% WB
-0.47 0.36 -1.18 to 0.24 cm
Note: WB = weight bearingJournal of Foot and Ankle Research 2008, 1:3 http://www.jfootankleres.com/content/1/1/3
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Brody stated that when using the NDT a normal amount
of navicular drop was approximately 10 mm and that a
drop or change in navicular height of 15 mm or more was
abnormal [4]. While Brody failed to provide any norma-
tive data to explain the navicular drop values he provided
in his paper, in the current study the mean ArchHtDIFF
was 1.0 cm and based on one standard deviation from the
mean, 1.35 cm would be considered as indicative of
increased mobility.
In addition to providing information regarding foot
mobility, the ArchHtWB value also appears to be predic-
tive of foot posture during mid-stance in walking and
mid-support in jogging. Franettovich et al has previously
reported that the ArchHtWB measured in 50% weight
bearing explained 66% of the variance associated with
arch height measured at mid-stance in walking and 83%
of the variance in arch height measured at mid-support in
jogging [21]. Thus, using ArchHtWB provides the clinician
with information regarding the posture of the foot during
dynamic activities, such as walking and jogging, while the
ArchHtDIFF provides an index of foot mobility.
A limitation in the proposed new method used to assess
ArchHtDIFF is that the digital images must be down-
loaded from the camera, slightly enhanced using commer-
cially available software, and then printed so that
measurements can be obtained. While the ArchHtDIFF
provides a method of assessment that has acceptable lev-
els of reliability and validity, the method used to obtain
the measurements may be too time consuming for the cli-
nician. Future research should focus on developing a
method to obtain the ArchHtDIFF that can be done easily
and quickly in the clinic.
Another limitation of this study is that it was conducted
entirely on asymptomatic individuals. As such, the nor-
mal values reported in this study may or may not be rep-
resentative of individuals who have had an injury or who
have some type of systemic disease such as rheumatoid
arthritis.
Conclusion
The findings of this study demonstrate that the difference
in the dorsal arch height in non-weight bearing and the
dorsal arch height in 50% weight bearing, as measured
using the Sit-to-Stand test, provides the clinician with a
reliable and valid alternative to quantify foot mobility in
comparison to the navicular drop test. In addition, nor-
mative data on a large group of healthy participants is pro-
vided. While the method described for obtaining the
ArchHtDIFF does require the clinician to process the dig-
ital images for the necessary measurements, based on the
results of this study future research can focus on develop-
ing a less time-intensive method for measuring the Arch-
HtDIFF in the clinic.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
TGM conceived the study, participated in the design of the
study, and carried out data analyses. MWC conceived the
study, participated in the design of the study, and carried
out data analyses. LM coordinated and carried out data
analyses. BV participated in the design of the study and
carried out data analyses. KKF coordinated and carried out
data analyses. DH coordinated and carried out data anal-
yses.
References
1. Bandholm T, Boysen L, Haugaard S, Zebis MK, Bencke J: Foot
medial longitudinal-arch deformation during quiet standing
and gait in subjects with medial tibial stress syndrome.  J Foot
Ankle Surg 2008, 47(2):89-95.
2. Bennett JE, Reinking MF, Pluemer B, Pentel A, Seaton M, Killian C:
Factors contributing to the development of medical tibial
stress syndrome in high school runners.  Journal of Orthopaedic
and Sports Physical Therapy 2001, 31(9):504-510.
3. Loudon JK, Jenkins W, Loudon KL: The relationship between
static posture and ACL injury in female athletes.  J Orthop
Sports Phys Ther 1996, 24(2):91-97.
4. Brody DM: Techniques in the evaluation and treatment of the
injured runner.  Orthop Clin North Am 1982, 13(3):541-558.
5. Allen MK, Glasoe WM: Metrecom Measurement of Navicular
Drop in Subjects with Anterior Cruciate Ligament Injury.  J
Athl Train 2000, 35(4):403-406.
6. Mueller MJ, Host JV, Norton BJ: Navicular drop as a composite
measure of excessive pronation.  J Am Podiatr Med Assoc 1993,
83(4):198-202.
7. Picciano AM, Rowlands MS, Worrell T: Reliability of open and
closed kinetic chain subtalar joint neutral positions and
navicular drop test.  J Orthop Sports Phys Ther 1993, 18(4):553-558.
8. Sell KE, Verity TM, Worrell TW, Pease BJ, Wigglesworth J: Two
measurement techniques for assessing subtalar joint posi-
tion: a reliability study.  J Orthop Sports Phys Ther 1994,
19(3):162-167.
9. Evans AM, Copper AW, Scharfbillig RW, Scutter SD, Williams MT:
Reliability of the foot posture index and traditional measures
of foot position.  J Am Podiatr Med Assoc 2003, 93(3):203-213.
10. Schultz S, Nguyen A-D, Windley T, Kulas A, Botic T, Beynnon B:
Intratester and intertester reliability of clinical measures of
lower extremity anatomic characteristics: Implications for
multicenter studies.  Clin J Sport Med 2006, 16(2):155-161.
11. Elveru RA, Rothstein JM, Lamb RL: Goniometric reliability in a
clinical setting. Subtalar and ankle joint measurements.  Phys
Ther 1988, 68(5):672-677.
12. Pierrynowski MR, Smith SB, Mlynarczyk JH: Proficiency of foot
care specialists to place the rearfoot at subtalar neutral.  J Am
Podiatr Med Assoc 1996, 86(5):217-223.
13. Smith-Orocchio K, Harris B: Interrater reliability of subtalar
neutral, calcaneal inversion and eversion.  J Orthop Sports Phys
Ther 1990, 12:10-15.
14. Torburn L, Perry J, Gronley JK: Assessment of rearfoot motion:
passive positioning, one-legged standing, gait.  Foot Ankle Int
1998, 19(10):688-693.
15. Hoppenfeld S: Physical Examination of the Spine and Extrem-
ities.  New York: Appleton-Century-Crofts; 1976. 
16. Williams DS, McClay IS: Measurements used to characterize
the foot and the medial longitudinal arch: reliability and
validity.  Phys Ther 2000, 80(9):864-871.
17. Shrout P, Fleiss J: Intraclass correlations: Uses in assessing
rater reliability.  Psychological Bulletin 1979, 86(2):420-428.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Journal of Foot and Ankle Research 2008, 1:3 http://www.jfootankleres.com/content/1/1/3
Page 11 of 11
(page number not for citation purposes)
18. Rothstein JM: Measurement and Clinical Practice: The Theory
and Application.  In Measurement in Physical Therapy Edited by:
Rothstein JM. New York: Churchill Livingstone; 1985:1. 
19. Bland JM, Altman DG: Statistical methods for assessing agree-
ment between two methods of clinical measurement.  Lancet
1986, 1(8476):307-310.
20. Landis JR, Koch GG: The measurement of observer agreement
for categorical data.  Biometrics 1977, 33(1):159-174.
21. Franettovich MM, McPoil TG, Russell T, Skardoon G, Vicenzino B:
The ability to predict dynamic foot posture from static
measurements.  J Am Podiatr Med Assoc 2007, 97(2):115-120.
22. D'Agostino RB: Tests for Normal Distribution.  In Goodness-Of-Fit
Techniques Edited by: D'Agostino RB, Stepenes MA. New York: Mar-
cel Decker, Inc; 1986. 
23. McPoil TG, Cornwall MW: Use of the longitudinal arch angle to
predict dynamic foot posture in walking.  J Am Podiatr Med Assoc
2005, 95(2):114-120.